with reconfigurable topological phases.
In electronic systems, spin and valley are two kinds of binary degrees of freedom (DOFs) that have played a key role in the past decade in designing and constructing novel topological phases. Take graphene as a typical example. In 2005, it has been shown that by introducing SOC, the well-known Dirac cones of graphene can open a bandgap 19 (see Figs. 1a-b; details to be discussed later) that is topologically nontrivial since the integration of Berry curvature over the whole Brillouin zone for a specific spin state, known as spin Chern number, is nonzero; this is now termed as the QSH effect, or widely referred to as the 2D topological insulator 20, 21 . In parallel, it has been known since 2007 that breaking the inversion symmetry with staggered sub-lattice potential in graphene can also produce a bandgap 22,23 (see Fig. 1c ; details to be discussed later) near the Dirac points. Although the full Chern number is zero, this bandgap is topologically nontrivial when projected to a specific valley. The topological valley transport has also been recently demonstrated in biased bilayer graphene 24, 25 , as nowadays called the QVH effect, a fundamentally new topological transport in the emerging field of valleytronics 26, 27 .
To further understand the underlying physics, we can resort to an effective
Hamiltonian around K and K' valleys 13, 19 , which describes a Dirac cone with two different perturbations:
where ℋ 0 = (̂̂0̂+̂0̂0̂) represents gapless Dirac Hamiltonian, and ℋ = ∆̂̂̂ and ℋ = ∆00̂ describe the perturbation of SOC and inversion-symmetry breaking, respectively. Here ̂, , , ̂, , , ̂, , are Pauli matrices acting on valley, spin and orbital subspaces, and 0 and 0 are unity matrices acting on valley and spin subspaces. is the group velocity near Dirac point.
∆ and ∆ are the effective masses induced by SOC and inversion-symmetry breaking, respectively. Interestingly, this Hamiltonian takes the same form as the one of silicene without Rashba terms 28 , which means a photonic realization of equation (1) can also lead to rich topological phases as predicted in silicene 28 .
In absence of both SOC and inversion-symmetry breaking, the gapless Hamiltonian ℋ 0 will form Dirac cones at K and K' valleys, as shown in Fig. 1a . When only SOC is included, the bandgap opened in Fig. 1b is fully determined by SOC, and thus has the bandgap size 2|∆ |. On the other hand, when only inversion-symmetry breaking is present, the bandgap in Fig. 1c carries a bandgap size 2|∆ |, as determined by the strength of inversion-symmetry breaking. Note that in both cases, the bandgap size applies to both spin up and spin down states at both K and K' valleys. However, when SOC and inversion-symmetry breaking are involved simultaneously, according to equation (1) and transverse-magnetic (TM) modes 4 . The SOC can be realized by either constructing bianisotropic metamaterials 5,29 or by breaking the out-of-plane mirror symmetry 6,7 . In a PTI possessing QVH phase, the inversion-symmetry breaking can be realized with a staggered sublattice potential 16, 17 , or with a triangle-shaped scatter in a unit cell [12] [13] [14] [15] .
However, a spin-valley locked PTI with a potential topological transition between the QSH and QVH phases, similar to that in Fig. 1d , still remains at the theoretical level 18, 19 .
Here we demonstrate a new class of PTIs in presence of both SOC and inversion- Figure 2c .
In the following, we demonstrate the topological phase transition. Although hard to measure directly, the bulk topology can manifest itself at the edges through bulk edge correspondence 31 . We firstly take (, g) = (5°, 2.2 mm) (denoted as point 'A' in Fig.   2b ) to demonstrate the QSH phase. We build a domain wall between two PTI domains with opposite settings, as shown in the inset of Fig. 4a . In the upper domain, the valley- The is because two nondegerante spins are excited for the edge states. Therefore the phase difference between Ez and Hz is not locked to any specific value.
The above results demonstrate a new class of PTIs, in which not only spin and valley are controllable by each other, but the topological phase can also be altered from a QSH phase to a QVH phase. The competition between spin-and valley-induced gauge fields can merge spintronics and valleytronics in the same photonic platform, and result in novel phenomena such as spin-valley-coupled Klein tunnelling 19 . The ability to tune the topology with lattice parameters offers more flexible ways to construct reconfigurable photonic topological phases, and can also be exploited to study new phenomena that are difficult in condensed matter systems such as programmable topological Moiré patterns 33 . Furthermore, as suggested in the silicene system 28 , introducing time-reversal-symmetry breaking term (which can be achieved by using gyromagnetic materials) can lead to even richer topological phases. 
